Background: To assess socioeconomic inequality in periconceptional folic acid supplementation in China. Methods: We used data of periconceptional folic acid (FA) supplementation of rural Chinese women from the National Free Preconception Health Examination Project from 2010 to 2012 and socioeconomic level data from the National Bureau of Statistics. We used logistic models to assess the associations between the prevalence of taking FA and the sociodemographic characteristics of the participants, the couples, and the socioeconomic levels of their region of residence. Results: Of the 907,720 included women, 682,315 (75.62%) of the women reported taking FA. The prevalence of FA supplementation was significantly higher in participants aged 21-29 (75.87%) than in those women aged 40-49 (68.44%, p < 0.01). The prevalence of FA supplementation was significantly higher in the region with the highest Per Capita Gross Regional Product than in the regions with lower Per Capita Gross Regional Product (aOR = 12.20 [95% CI:9.54-15.61]). The higher the per capita net income of farmer households in the region, the higher the prevalence of FA supplementation (aOR = 1.95 [95% CI:1.74-2.18]). Conclusions: The rate of periconceptional FA supplementation among rural Chinese women has increased with the support of China's Health System Reform policy. However, socioeconomic disparities in periconceptional folic acid supplementation remain.
Background
Neural tube defects (NTDs), one of the most common and devastating birth defects, remain a major public health concern in China [1] [2] [3] . NTDs have been estimated to affect approximately 0.9 million births every year in China, which include 0.25 million clinically visible cases [1] . NTDs can be effectively prevented with periconceptional folic acid supplementation [4, 5] . A review of periconceptional folic acid supplementation suggested a 72% reduction in risk of development of NTDs and a 68% reduction in risk of recurrence compared with either no intervention, placebo, or micronutrient intake without folic acid [4] . Despite worldwide public health campaigns recommending periconceptional daily supplementation of synthetic folic acid to reduce the risk of NTDs, many women are not following these recommendations [5] .
In 2001, the Chinese Ministry of Health and the Chinese Disabled Person Federation released a National Action Plan for Reducing Birth Defects and Disabilities in China for [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . One of the main targets of the Action Plan was to increase periconceptional folic acid intake for all pregnant women to reduce the prevalence of NTDs in China [6] . In 2009, the Chinese central government launched the Health System Reform Plan to revitalize the provision of public health services [7] .
Periconceptional folic acid supplementation in rural Chinese women to prevent birth defects was included in a package of major public health services, and FA would be freely provided for all pregnant rural women nationwide [8] . The Chinese central government invested 6.32 billion renminbi (RMB) in order to provide folic acid supplementation for a total of 45.77 million women of childbearing age in rural areas of China from 2009 to 2013 [9] .
The efficacy of providing periconceptional folic acid supplementation to women of childbearing age in preventing NTDs depends on the rate of folic acid intake and their compliance [5] . Some research results have shown that the rate of intake of folic acid was influenced by many factors, such as the woman's age, years of education, knowledge of folic acid, the economic status of her family, and some other socioeconomic factors [5, 10] . National social economic status, public health policies, and health service fairness and accessibility would be likely to influence the rate of folic acid intake of women [11] .
We performed a nationwide census of periconceptional folic acid supplementation for women in their first trimester of pregnancy using data through a follow-up visit program from the National Free Preconception Health Examination Project (NFPHEP) database between 2010 and 2012 [12] . The aim of this study was to evaluate the effectiveness and equity of the national program providing free peri-conceptional folic acid supplementation in China. We designed a study with a large sample size to determine the rate of folic acid intake among rural Chinese women of childbearing age and to analyse the association between the rate of folic acid intake with the individual sociodemographic characteristics of the women, their families and the social economic status of their living areas.
Methods

Study design
We performed a nationwide, population-based, crosssectional study. We used data from a follow-up study of rural women in their first trimester of pregnancy from 220 counties in 31 provinces in China between January 1, 2010, and December 31, 2012, to analyze the prevalence of FA supplementation use. We used the social demographic data of the couples from the National Free Preconception Health Examination Project (NFPHEP) and the social economic data of the region in which the women were living from the National Annals of Statistics of China from 2010 to 2012 to analyze the social demographic and economic determinants of preconception folic acid use.
NFPHEP was launched by the Chinese National Health and Family Planning Commission and Ministry of Finance in 2010 to provide free preconception health examinations for rural married couples who planned to become pregnant within the next 6 months [12] . All couples who had made their conception plan were enrolled by local community staff and were provided a free medical examination together with preconception counselling services. Trained local health workers completed a standardized family health file for the participants using data from the questionnaire survey and the medical examination [13] . These women would be followed up once they were determined to be in their first trimester of pregnancy by the local health workers. The pregnant women would then complete a follow-up questionnaire. These files were then included in a web-based electronic data collection system and sent to the national office. The detailed design, organization, and implementation of this project are described elsewhere [14] .
Participants
The study participants were defined as the women from 220 pilot counties in 31 provinces who had participated in the NFPHEP and who were followed-up during their first trimester of pregnancy from January 1, 2010, to December 31, 2012.
Folic acid supplement use
In the follow-up questionnaire, the women were asked to report data on their supplemental use of folic acid, the frequency of use, and the time period of use. In this study, we defined folic acid supplement use as taking 1 tablet (0.4 mg) of folic acid daily during the following predefined time periods: (a) at least three months before the last menstrual period to the end of the first trimester, (b) at least one to two months before the last menstrual period to the end of the first trimester, (c) after the last menstrual period to the end of the first trimester, or (d) no use at all. The main outcome variable under study was preconception folic acid supplement use, i.e., any use of folic acid supplements that had started before the last menstrual period (categories (a), (b) and (c) above).
Potential determinants
Based on the family health file for the participants, we abstracted data on the following relevant determinants of folic acid supplement use: the couples' age, years of education, ethnicities, occupations, and time at study recruitment.
Four economic indicators were used to evaluate the social economic development level of the 31 provinces in China: Per Capita Gross Regional Product, per capita net income of farmer households, Per Capita Consumption Expenditure of Rural Households and Per Capita Cash Consumption Expenditure of Health Care and Medical Services of Rural Households [15] . (1) Per Capita Gross Regional Product is the indicator of regional economic development, and it is calculated by taking the gross domestic product (GDP) of a region over one year and dividing it by the population of the region. (2) Per capita net income of farmer households reflects the average income level of rural residents in a district. Its calculation is the revenue from all sources in rural households after deducting the expenses incurred divided by the number of family members. 
Procedures
This study included a total of 907,829 rural Chinese women who were followed-up during their first trimester of pregnancy. A total of 5559 rural women were rejected due to a lack of information about folic acid use in their follow up questionnaires. Finally, 902,270 participants were included in this study.
We connected the folic acid use information of the participant in the follow-up questionnaires with the couple's social demographic data from their family health file.
The data of the four social economic indicators above for the 31 provinces were ranked from lower to higher using the National Annals of Statistics of China during 2010-2012. We divided the data of the four social economic indicators above into the following categories: low, middle, high and higher ( Table 1) .
The recruitment time and information regarding how long the participant had been living in the region were marked and linked to the grade data of the four social economic indicators: the Per Capita Gross Regional Product, the Per capita net income of farmer households, the Per Capita Consumption Expenditure of Rural Households and the Per Capita Cash Consumption Expenditure of Health Care and Medical Services of Rural Households. The participants' data were summarized in the flowchart in Fig. 1 . 
Statistical analysis
All analyses were conducted using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). The prevalence rate of taking FA was calculated using the participants' and couples' sociodemographic information, as well as the socioeconomic level of their families' region of residence. The association between the prevalence of taking FA and the sociodemographic characteristics of the participants, couples, and the socioeconomic level of their families' region of residence were also analyzed using the univariate logistic regression model to calculate the crude odds ratio (cOR) with 95% CI. Adjusted odds ratios (aOR) with 95% CIs in the multivariable logistic regression model were calculated after being adjusted for age, region, years of education, occupation, ethnicity, and time at study recruitment of women and their husbands, as well as four socioeconomic indicators of the economic level. Two-sided p < 0.05 was considered statistically significant. Table 1 ). The prevalence of taking FA in different areas is shown in Fig. 2 .
Results
Prevalence of taking FA by different sociodemographic characteristics of rural Chinese women
Prevalence of taking FA by different sociodemographic characteristics of rurual Chinese couples
Among the 902,270 rural couples, the prevalence of FA use varied significantly by age group (p < 0.01), and it was significantly higher in couples aged 21-29 years (76.05%) than in other age groups (75.53%-68.23%, p < 0.01). The prevalence of FA use varied significantly by years of education; it was significantly higher in couples with 12 years or more years of education (79.96%) than that in couples with 6 or fewer years of education (77.71%, p < 0.01). The prevalence of FA supplementation in couples in which either the husband or the wife had received 12 or more years of education was significantly higher than that in less educated couples. Workers or other occupations of the couples was related to a significantly higher prevalence of taking FA than in farmers (75.27% -81.38% vs. 74.72%, p < 0.01) ( Table 2) .
Prevalence of taking FA by different socioeconomic status of the region of residence
We analyzed the association between the prevalence of FA supplementation and four indicators of the socioeconomic status of the region (Fig. 3 A-D) . When compared with the prevalence of taking FA in regions with lower Per Capita Gross Regional product, the prevalence of taking FA was significantly higher in the region with the highest Per Capita Gross Regional Product (98.48%, aOR = 12.20 [95% CI:9.54-15.61]; Table 3 ). There was a significant association between the prevalence of FA supplementation and the per capita net income of Rates of taking FA at least 3 months before the last menstrual period to the end of the first trimester, at least 1 to 2 months before the last menstrual period to the end of the first trimester and after the last menstrual period to the end of the first trimester were 38.63%, 14.10% and 22.13%, respectively, among 907,720 rural Chinese women. The rate of FA supplementation for at least 3 months before the last menstrual period to the end of the first trimester was significantly higher in participants aged 31-39 (41.29%), participants with 7-11 years of education (39.4%), participants of Han ethnicity (39.2%) and farmers (39.6%). The rates of FA supplementation for at least 3 months before the last menstrual period to the end of the first trimester in women living in regions with the highest Per Capita Gross Regional product, higher per capita net income of farmer households, the highest Per Capita Consumption Expenditure of Rural Household and Per Capita Cash Consumption Expenditure of Health Care and Medical Services of Rural Households were 82.44%, 48.47%, 68.69% and 46.19%, respectively. There was a significant association between rates of FA supplementation for at least 3 months before the last menstrual period to the end of the first trimester and Per Capita Consumption Expenditure of Rural Households. The regions with higher Per Capita Consumption Expenditure of Rural Households also had higher rates In the univariate logistic regression model, there was an association between the prevalence of FA supplementation with the sociodemographic characteristics of rural Chinese women and the socioeconomic levels of the areas in which their families reside. After adjusting for the participant's age and their spouse's age, years of education, ethnicities, occupations, and the social economic levels of the region of residence, the associations still exist (Table 4 ). There was a higher prevalence of FA supplementation among the younger women, women with more years of education, workers or women with occupations other than farming, and the women living in regions with higher Per Capita Gross Regional Product, per capita net income of farmer households, Per Capita Consumption Expenditure of Rural Households and Per Capita Cash Consumption Expenditure of Health Care and Medical Services of Rural Households.
Discussion
The periconceptional folic acid supplementation of women is an effective measure to prevent NTDs. The effect of preventing NTDs is influenced by the rate of folic acid intake and the time of initiation of use among women planning pregnancies [5] . The national program proposal for folic acid supplementation suggested that a daily dose of one 0.4 mg folic acid tablet would be used for 3 months prior to their first trimester of pregnancy for the pre-pregnancy women [16] . The researchers considered that there was still a 40-50% decrease in NTDs compared with non-users among women who started folic acid supplementation during the first trimester or after the last menstrual period [17] . Tort J's study results showed that 14.8% (95% CI, 14.2-15.4) of women used folic acid before pregnancy; this percentage varied from 10.4% to 18.7% across regions in France, 2010 [18] . In one Italian survey performed in 2012, a total of 500 women were surveyed: 217 (43.4%) took folic acid before becoming pregnant, and 283 (56.6%) did not take it [19] . McKeating A et al. analyzed trends in folic acid supplementation among women scheduling antenatal care between 2009 and 2013 in Europe [20] . Overall, 43.9% of the women (n = 18,473) took periconceptional (preconceptional and postconceptional) folic acid, 49.4% (n = 20,782) took postconceptional folic acid only, and 6.6% (n = 2787) took no folic acid. The periconceptional folic acid rate decreased from 45.1% in 2009 to 43.1% in 2013. Preconception folic acid use was reported by 23.5% (n = 515) of the participants from seven maternity clinics located in six Italian regions. Of these participants, 479 (93%) women had taken folic acid supplements on a daily basis as recommended by the health authorities [21] . In China, the data of some studies with small sample sizes had shown that preconceptional and postconceptional folic acid use rates were 10.2% (2003-2005) [22] [23] [24] . Our finding of the rates of folic acid supplementation among women in their first trimester of pregnancy were 73.58% (2010), 75.86% (2011) and 76.53% (2012) respectively, from 2010 to 2012. Of these women who took FA, 38.63%, 14.40% and 22.13% of the women had begun FA supplementation in the 3 months before the last menstrual cycle, 1-2 months before the last menstrual cycle and after the last menstrual cycle, respectively. Our findings showed that the prevalence of periconceptional folic acid supplementation among rural Chinese women was apparently higher than the findings of the above studies from Europe and other countries, and it was also higher than the findings of some studies with small sample sizes from China.
In the national management plan for the program on folic acid supplementation to prevent neural tube defects in 2010, the Chinese government proposed at least 70% and 90% of all women who marry and plan to become pregnant would consume 400 μg/day before conception through the end of the first trimester by the end of 2010 and 2011 [16] . Our findings showed that the annual targets of 70% folic acid supplementation rates in 2010 had been reached, but these targets were not met in 2011 among rural Chinese women. Our study also found that approximately 60% of women were not taking folic acid supplementation in the 3 months before the last menstrual period, which is the time thought to be most effective for preventing NDTs. It is very important for controlling birth defects that the rate of FA supplementation in women is increasing, especially the proportion of women taking folic acid before their pregnancy.
Studies have shown that women's social demographic characteristics could be associated with the rate of periconceptional folic acid supplementation. The lower rates of preconception folic acid use were associated with some characteristics of the women such as older age, fewer years of education, ethnic minorities and women who were unemployed [4, 10, 11, 21] . Our findings showed that the age, years of education, ethnicity and occupation of the women were important determinants of periconceptional folic acid use among rural Chinese women. These results were consistent with those of other studies [18, 21] . To improve the rate of folic acid use, it is important to educate and spread information about the periconceptional use of folic acid, especially for older, less educated women living in rural area. The association with the social demographic characteristics of couples preparing for pregnancy and the rate of periconceptional folic acid supplementation was analyzed in our study. Our findings showed that there were some lower rates of folic acid supplementation among these women if their husbands were older, were less educated and worked as a farmer. However, the higher FA supplementation rates were found among the younger couples, those with more years of education, and couples who were professional workers. Our findings demonstrated that the periconceptional folic acid supplementation of women was also influenced by their husband's characteristics. Increasing the couple's knowledge of folic acid supplementation to prevent birth defects also may improve women's compliance and the prevalence of periconceptional folic acid supplementation.
The socioeconomic status of the country could importantly influence the implementation effect of the public health project [5, [25] [26] [27] . In China, the social economic status of different regions directly affected the provision and utilization of public health services [3, 6] . We analyzed an association with the rates of periconceptional folic acid supplementation and four socioeconomic indicators of Per Capita Gross Regional Product, Per capita net income of farmer households, Per Capita Consumption Expenditure of Rural Household and Per Capita Cash Consumption Expenditure of Health Care and Medical Services of Rural Households. Our finding indicated that the folic acid supplementation rate of women was associated with the above four socioeconomic indicators, of which the Per capita net income of rural households and Rural residents per capita consumption expenditure were especially associated. There were higher rates of FA supplementation among the women living in the regions with higher levels of Per capita net income of rural households and Rural residents per capita consumption expenditure. The FA supplementation rate was still associated with socioeconomic indicators after controlling women's individual factors and their family factors.
From the Health System Reform Plan in China 2009, the periconceptional folic acid supplementation for rural women preparing for pregnancy had been one of the major public health service projects provided by the Chinese government. The Chinese government not only purchased the folic acid tablets to provide free for the rural women, but they also offered some subsidies to motivate village doctors to provide this service [7, 8] . Our study found lower FA supplementation rates among women living in regions with lower levels of socioeconomic status. This finding indicated that the women living in the regions with less-developed economies and/or in families with poor-economic conditions may still find it difficult to obtain these services, although the folic acid pills and a reward for the primary medical staff were provided by the government. Our study suggests that the government should give more preferential policies for these women living in the regions with less-developed economies and/or in families with poor economic condition in order to improve the accessibility of public health services and promote the realization of equalization.
Our study has some limitations. First, we used data from the NFPHEP database from January 1, 2010, to December 31, 2012, of a total of 902,270 women who followed-up during their first trimester of pregnancy from 220 pilot counties of 31 provinces. The number of women who took FA, but who were not pregnant from January 1, 2010, to December 31, 2012, were not included. Therefore, it is possible that the FA supplementation rate in our study may be lower than the actual rate of FA supplementation. Second, we would classify China's 31 provinces by the four levels according to four social economic indicators and described the difference of FA supplementation rates among women living in different social economic status regions. There were the relatively small numbers of women in the best social economic regions of China in our data. The FA supplementation rate of women living in these regions may be underestimated because the proportion of rural residents is low in the economically developed regions. Third, the representativeness of the per capita income in a country similar to China, with a high Gini index, may not be the best way to compare the relationship between folic acid use and socioeconomic level.
The main strengths of our study lie in the largest sample study of periconceptional folic acid supplementation for childbearing age women of in China that recruited all women in their first trimester of pregnancy from 220 counties of China between 2010 and 2012. The FA supplementation data of this study came from the self-reports of women when they were followed-up in their first trimester of pregnancy. Compared with other studies [19, 22, 26] , our research subjects were taking folic acid in their first trimester of pregnancy. Therefore, our results may have less recall bias. Our results can not only provide rural Chinese women of childbearing age the latest data of folic acid supplementation in pregnancy but also show the rate difference in the rate of supplementation with folic acid among the rural Chinese women with different demographic characteristics and those living in regions with a different socioeconomic status. Our study may also provide evidence for some related policies in order to achieve the target for public health service equalization in China.
Conclusion
In conclusion, the rate of periconceptional folic acid supplementation among rural Chinese women is higher with the support of China's Health System Reform policy. However, the absolute number of rural Chinese women who did not use folic acid is very large and the socioeconomic and demographic disparities in the rate of periconceptional folic acid supplementation of rural Chinese women are obvious.
Abbreviations aOR: Adjusted odds ratio; CIs: Confidence intervals; cOR: Crude odds ratio; FA: Folic acid; NTD: Neural tube defects
